
MATERIALS AND METHODS 

A citra ted plasma sample was ob­
tained from a young (1-2 years) female 
Californ ia gray whale kept in cap­
tivit y in San Diego, Calif. The sample 
was deep-frozen and shipped via air 
express to Philadelphia where the 
assays were made . The plasma sample 
was slightly lipemic . The prothrombin 
time, partial thromboplastin time, 
Factor y, Factor XL and Factor XII 
assay were made in the Coagulation 
Laboratory at the Hospital of the 
University of Pennsylvania . It wa not 
possible to do a fibrinogen as ay on 
the sample. 

Standard laboratory procedures em­
ploying commercial reagent were 
used to conduct the assays, with the 
exception of Factor XII where dol­
phin. Tllniop .1 rl"l I/IClll 11.1 , plasma was 
used as the substrate. Plasma reagent 
from Factor XI deficient cattle wa 
used for the Factor X I assay. 

RESULTS AND DISCUSSION 

The results of the assays on the 
gray whale plasma and some results 
on a few odontocete whales. from the 
literature, are hown in Table I. 

The divergence of our result on 
the gray whale plasma for prothrom­
bin time, partial thromboplastin time , 
Factor Y, and Factor XI assays from 
tho e of th e two species of odontocete 
whales can be exp lain ed perhaps on 
the elapsed time between samplin g 
and assay. The presence of a I()w level 
of Factor XII in the gray whale plas­
ma to the non-exi stence in odontocete 
plasma warrant some consideration . 
The significance of this difference 
teleologicall y is not known. One of 
the problems encountered by deep 
diving humans is decompression sick­
ness. This sicknes is attributed to the 
forma ti on of microclots (disseminated 
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Table 1.-A comparison of some clotting factols between odontocete whales and a baleen whale. 
The numbers in parentheses indicate the number of samples . 

Prothrombin time (sec) 
Partial thromboplastin time (pit) (sec) 
Factor V(%) 
Factor XI (%) 
Factor XII (%) 

I LewIs. Bayer , and Szeto (1969). 
2 Robinson , Kropatk,n , and Aggeler (1969). 
3 Ridgway (1972) 

intravascular coagulation) with re­
su ltin g consequences . It is known that 
slow-moving acid blood has a pro­
pensity to clot faster. This property 
has been attributed to activation of 
Factor X II and su bsequent clot for­
mation. 

Whales dive deeply and are not be­
lie\-ed to suffer from decompression 
sicl,ness. Perhaps the lad. of Factor 
XII or low levels of it i nature 's way 
of protecting the animals. 
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TUfSIOPS Orcfnus EschflchtlUs 
truncatus 1,2,3 orca:!. robustus 

17 .0(14) 15 .6(3) 26.5(1) 
346 (15) 216 (3) 107 (1) 
136 (14) 239 (3) 17 sec (1) 
92 .7 (14) 146 (3) 24.6(1) 
0 (15) 0 (3) 3.4(1) 
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Fluorescent Karyotype of the 
California Gray Whale 

DEBORAH A. DUFFIELD 

ABSTRACT 

Th e flilorescenr karyorype (~f' rhe California gray \\'hale, Eschrichtius robustus, 
is presenred and rhe lise of rhe jfllorescenr handing rechniqlle for disringllishing 

her\\'een l'ariollS cefltceall karyorypes is discLlssed. 

The California gray whale, Elch­

riclrrittl rOhLlSftl .1 (Gibbosus) has a 
diploid chromosome number of 44 
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(8enirschJ...e·s unpublished data cited 
in Kulu, 1972 : Arnason. 1972). Since 
reporting of the gra) whale karyotype. 
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Figure 1.-Karyotype of the California gray whale , Gigi. The autosomes are arranged Into four 
groups based on centromere position and relative size. The provisional X chromosomes are 
indicated. 

prepared by standard homogeneous 
staining techniq ues. advance in th e 
differentIal staini ng of chromosomes 
have added anothe r dimensio n to 
"aryotypic analysis by ma"ing it now 
possible to Individ ua lly characterize 
each chromosome of th e compleme nt. 
Consequently. an d as part of a larger 
cytotaxonomic study of marine mam­
mals. evaluation of the gray wha le 
"ar)-oty pe by quinacrine mustard 
fluorescent banding 'has undertaken 
on Gigi . a captive female gray whale. 

MATERIALS AND METHODS 

Chromosome preparations were ob­
tained b\ blood culture (Kulu. Veo­
mett . and Spar"es. 197 I) . Exposure 
of the cells to 0.075 M KCI for 8 
minutes ",as the preferred hypoto nic 
treatment and cold. rather th a n flame­
dried. slides were made . Th e slides 
were stal ned wi th G iemsa for normal 
karyotyping or with qui nacrine mus­
tard (50 micrograms/ml buffer for 
30-40 minutes) for fluorescent karyo­
typi ng. Photographs of fluorescent 
metaphases were taken on K odak I 
Tri-X film with an ex posure time of 
-+5-50 seconds. Ten G iemsa and eight 
fluorescent ka ryoty pes we re ana lyzed. 

I Use of trade names In thIs publ lcallon does 
not Imply endorsement o f commercIal producl s 
by the NatIOnal Marine FIsh eries ServIce . 

RESULTS 

Glgl'S "aryoty pe (Giem a) is tllu ~­

trated In Figure I . Th e auto omes are 
pro\ 1 ~lon a lly arranged I nto four 
group (de ignated A. B, C, a nd 0 ). 
Group A I~ compo ed of five palr~ of 
large submetacentri c chromo~ome. 

Group B of five pa irs of medIum-s ized 
ubmetacentric . Group C of i'\ paIr 

of metacentric . a nd Group 0 of five 
pair of acrocentric chromo omes. 
Within each group the chro mo ome 
pairs are arranged by decreasing size . 
The presumpti ve X chromosomes are 
indicated in th e kar)-Olype . 

The fluoresce nt ka ry o type of £Ich­

ric/llill .1 rohll .II/II is pre ented in Figure 
:! . The arrangement of the chromo­
somes fo llow that of the tandard 
karyo type. The banding pattern of 
each chromosome pair is distinctive 
a nd in additi on to a ll owing positive 
identifica ti o n of the homologues 
makes it possible to characterize each 
pa ir o f the complement in order to 

facilitate karyotypic compari on with 
o ther species. The fl uore cent banding 
pattern of th e presu mpti ve X ch romo-
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~ome i., thc .,ame as that exh ibited by 
the X chromo'>ome of another of the 
ba leen whales, the ~ei whale, Ba/(I(,l1op­

(era /Jorell/i1 2 • and a number of the 
smaller odontocete cetacean species 
(per'>onal ob.,ervation). 

DISCUSSION 

The karyotype of the allfornia 
gray whale appears to be very ~Imilar 
in number and gro'>'> m rphology to 
that of a number of other cetacean. 
both m y!> tlcete and odontocete:l (Kulu . 
197:!: rna,>o n. 1972). The flu rescent 
ka ryot)- pe o f the gray whale was ex­
am ined In the hope that the re o lutlOn 
o f chro mosome structure aff rded bI 
fluorescent banding would Indicate 
difference bet'heen It karyotype a nd 
that of other cetacean no t ob\iou b) 
regul a r tainlng meth ds . In o rd e r to 
illustrate the level of kar)otIPic com­
pan o n made po Ible bI fluore cent 
banding. the larger ubmetacentnc 
'hhich compri e Group (pairs 1-5) 
in t'h O my ticete and t'hO odontocete 
speci e are hO'hn In Figure 3. While 
there a re certain similaritie between 
the banding pattern of all four pecie . 
it I clearly po ible to di tingui h 
between the overall banding pattern 
of the my ticete (gray whale. ei 
'hhale l chromo omes and that of the 
odontocetes (Tllniop.l (rtlI1CallO, LlIR­

(, l1 o rhYl1chlll ohliqllidensl. Le s obvi­
ou di fference are al 0 pre ent 'hhich 
further di tingui h gray whale from sei 
whale and Tllniop.\ from L lIRel1 o­
rhyn c ll1l5 . A detailed comparison of 
the fluorescent karyotype of these 
cetaceans is beyond the cope of th i 
report; however. it ca n be concl uded 

2 Arnason ( 1972) has reported that the X chromo­
some of B. borealiS IS one of the larger chromo­
somes of Ihe complement . such as found In 
other of the balaenopteran whale • . However . 
bOlh standard and fluorescent karyotypes of a 
male sel whale , tissue from which was made 
available to th,s author by the RIchmond whaling 
statIon In CalIfornIa. IndIcate Ihat the X chromo­
some of B. borealiS IS of med,um sIze and 
Similar both In rela t ive size and bandi ng pattern 
to the provIsIonal X chromosome of the odon­
locetes (Kulu , 1972). 
3 Of all cetaceans studIed to date, on ly the 
sperm , pIgmy sperm , and killer whales are 
karyotYPlcally dlsll nc t by stan da rd staIn Ing 
technIques . 



Figure 2.-The fluorescent karyotype of the California gray whale. Note that the members of each 
pair have identical bands while one pair can be distinguished from any other by its characteristic 
banding pattern . 

Figure 3.-Comparlson of the banding patterns of four species. Only group A chromosomes are 
shown and only one chromosome from each pair per species. Species 1 and 2 are mysticetes. 
3 and 4 are odontocetes . 
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r m Ihl: e Inilial b en ,11 IOn that the 
mpan on )1 Ilu re eent h<.lnJeJ 

an t\ pc \\111 Ignlfk,Jntl) enhan e 
the p lentlal lnlnhutlnn \\hich kary­
l 1\ pIC anah e can makc 10 the rc 0-

lUll n of Ihe ph)lclIC Interrelationsh lp\ 

l f Ihe m dern ( clacca 
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Some Physiological Parameters of the 
Blood of the California Gray Whale 

WILLIAM G GILMARTIN, RICHARD W. PIERCE, 
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ABSTRACT 

<I 0_ IIh C/tIlO( /(/li(l/1 ,1/1'1" <llIeI h/ood l 'O IIlIll I' lill\'(' h(,(,11 dell'r­

( <III/ 'mill 1: , ,1\ 1\ Ii<llt. !-=schnc hIiU<, robu~tus . lind llie relltl/I ({re 

, {'In \10" t:i' III hillllel pr(lp('l'/it'l (,I' olli('r ce/([( (' (1//.1. TIi(' 
, bl(Joci 11I11II//( 111lI1 I I lillli/lir 10 l 'lIll/( I ('Ililllllll'ti .le'r I({rge 

Ihln III/I II II>, /11'11 lilli" il/I/OPI( 1('( hllH/IWI 11lI1'(' h(,(,11 {{\(' d 

l (,1(/(, ([/1\ IIIIod I "III/Ill' 

/I do ""I (/1'1" ,/I 1(11,,1/(1\1 Ihe Ir<'lId '~I' IIIU\II('rr(,l/('r{({IIIIlIII/lIll1l\ 

/lief 1';0 (1/( ,"III('tII ('d. T hl' Poo /i,I' fh(' E rohu~tu~ \I ' ({I 36.5 III/II 

I If I, {,,'/'l, " (or 11//\ "IU( eUII 

III 
, !t­

n u Ih~ 

llrr,'rlUnit\. for the lir\t lime. to \tuU) 
,I 1,lrl!t: I:etal:t:an unda ddinable I:on­
dllilln\ ,I nd tll dt:tallllnt: 11\ hlood 
1,llull1,' ,Ind l),\\gt:n-ht:lllllglllhln dl\­

"ll.ltill n I:unt: 

METHODS 

()n tIL ,I 't:par.ttc ,II:C.t\l\ln\ tht: 
Ih ,i1,' \\.1\ g/\en 10 J-I. ' I III r,ldlnilIUII1-
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ated human serum a lbumin (Ri a)l. 

The labeled compound was adminis­
tereu to the animal in one of the 
brachial vessels in the right pectoral 
fin. Two blood specimens were taken 
following each determination to imure 
that mi'\ing was complete and the 
alhumin was not heing eliminated 
rapidly from the serum. In the first 
test (27 December 1971) blood vol­

ume determi nat ion sa mple were taken 
at 14 and 20 minute intervals anu in 
the ,econd te\t (6 March 1972) were 
collected at 10 and IX minute interval, 
aftt:r admini,tration 01 the labeleu 
compound. The hlood ,ample, rt:­
Illoled Itll' counting \>\ert: tal-.t:n from 
,Inc of the hrachlal 1t:\\t:I\ 01 tht: Id't 
pt:ctoral Iln and put Into \>\t:II -ht:partn ­
lied tuhe,. 1 hree millf the hepartnlled 
\>\h )It: blood \>\a, ,luued to J ml 01 I 

I Abboll Laboralor'es ChIcago. illInOIS Use 
01 Irade narre5 In thIS publlcallon does nOI 
Imply endorsemenl oj commercial prOducts 
b'1 " Nation I M,afl"e Fisher! s Service 


